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PREFACE 

I 

I 

This  testing  program,  "Concrete  and  Rock  Tests,  Rehabilitation  Work,  | 

Brandon  Road  Dam,  Illinois  Waterway,  Chicago  District,"  was  conducted  for  j 

the  U.S.  Army  Engineer  District,  Chicago.  The  work  was  authorized  by  j 

DA  Form  2544,  NCC-IA-77-31,  dated  8 October  1976. 

Drilling  was  conducted  by  personnel  of  the  Explorations  Branch  of 
the  Soils  andpavements  Laboratory  (S&PL)  of  the  U.S.  Army  Engineer  Water- 
ways Experiment  Station  (WES)  during  the  period  October  1976-December  1976 
under  the  direction  of  Mr.  Mark  Vlspi.  Laboratory  tests  were  performed 
at  the  Concrete  Laboratory  (CL)  and  the  S&PL  of  the  WES  during  the  period 
January  1977-March  1977  under  the  direction  of  Messrs.  Bryant  Mather 
and  J.  M.  Scanlon,  both  of  CL.  Mr.  W.  B.  Steinriede,  S&PL,  conducted  the 
televiewer  logging,  Mr.  D.  L.  Ainsworth,  CL,  conducted  the  pressure  trans- 
ducer tests,  Mr.  G.  P.  Hale  supervised  the  laboratory  testing  that  was 
conducted  in  the  S&PL,  and  Mr.  G.  S.  Wong,  CL,  conducted  the  petrographic 
examination.  The  stability  analysis  and  design  of  an  anchorage  system 
referenced  in  this  report  were  conducted  by  Dr.  C.  E.  Pace,  CL. 

Mr.  R.  L.  Stowe  was  Project  Leader  and  was  assisted  in  performing  labora- 
tory work  at  the  CL  by  Messrs.  F.  S.  Stewart  and  J.  B.  Eskride.  Mr.  Stowe 
prepared  this  report. 

The  Conmander  and  Director  of  WES  during  the  conduct  of  the  program 
and  the  preparation  and  publication  of  this  report  was  COL  J.  L.  Cannon,  CE. 

Mr.  F.  R.  Brown  was  Technical  Director. 
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CONVERSION  FACTORS,  U.  S.  CUSTOMARY  TO 
METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.  S.  customary  units  of  measurement  used  In  this  report  can  be  converted 
to  metric  (SI)  units  as  follows: 


Multiply 

By 

To  Obtain 

Inches 

0.0254 

metres 

feet 

0.3048 

metres 

pounds  (mass) 

0.4535924 

kilograms 

pounds  (force) 

4.448222 

newton 

pounds  (mass)  per 
cubic  foot 

16.01846 

kilograms  per  cubic  metre 

pounds  (force)  per 
square  inch 

0.006894757 

megapascals 

tons  (force)  per 
square  foot 

0.09576052 

megapascals 

feet  per  second 

0.3048 

metres  per  second 

miles 

1.609 

kilometers 

4 


r 


CONCRETE  AND  ROCK  TESTS.  REHABILITATION  WORK. 

BRANDON  ROAD  DAM,  ILLINOIS  WATERWAY 
CHICAGO  DISTRICT 

PART  I:  INTRODUCTION 

Location  of  Study  Area 

1.  The  Brandon  Road  Lock  and  Dam  is  located  near  Rockdale,  Will 

County,  Illinois.  It  is  on  the  Des  Plaines  River  at  river  mile  286.  It 
* 

is  about  a 35-mile  drive  from  the  southwest  city  limits  of  Chicago. 

2.  The  1976  foundation  investigation  for  the  rehabilitation  work 
of  the  deim  involved  the  drilling  of  eight  holes.  Three  of  the  eight 
holes  were  drilled  into  the  river  silt  (sludge)  in  the  upstream  (US) 
pool  and  samples  recovered  represented  an  average  depth  of  9.3  ft.  The 
locations  of  the  drilled  holes  are  presented  in  Figure  1.  The  borings 
are  designated  BR  WES-1  through  8-76;  the  letter  and  numbers  stand  for 
Brandon  Road,  Waterways  Experiment  Station  (WES),  number  of  hole,  and 
year  hole  was  drilled  (1976) . 

Background 

3.  At  a meeting  held  at  the  offices  of  the  Chicago  District  (CDO) 
on  15  October  1976,  representatives  of  the  Concrete  Laboratory  (CL)  and 
the  Soils  and  Pavements  Laboratory  (S&PL),  WES,  were  requested  to  sub- 
mit a proposal  for  work  to  assist  CDO  in  the  rehabilitation  of  Brandon 
Road  Dam.  The  names  and  organizations  of  the  attendees  at  the  15  Octo- 
ber 1976  meeting  are  tabulated  below. 

ATTENDEES 

Fred  Paterson  NCD 

Terrence  Smith  NCD 


A table  of  factors  for  converting  U.S.  customary  to  metric  (SI)  units 
of  measurement  is  given  on  page  4. 
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Figure  1.  Drill  hole  locations. 
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Terry  Soupos 

NCD 

Carl  Pace 

WES 

Richard  Stowe 

WES 

Mark  A.  Vispi 

WES 

1.  Juzenas 

CDO 

Geroge  Sanborn 

CDO 

C.  Ruiter 

CDO 

CPT  James  R.  Van  Epps 

CDO 

Note:  NCD  - North  Central  Division 

WES  - Waterways  Experiment  Station 
CDO  - Chicago  District  Office 

4.  As  a result  of  a previous  investigation  of  the  Brandon  Road 
Dam  conducted  in  early  1973,^  it  was  concluded  that  all  sections  of  the 
dam  failed  to  meet  current  overturning  criteria.  The  CDO  recommended  a 
plan  of  proposed  rehabilitation  of  the  dam.  It  was  recommended  that  the 
dam  be  stabilized  by  installation  of  grouted,  prestressed  tendons.  The 
proposed  method  is  presented  in  Plates  1 through  4 of  this  report  (Plates 

83  through  86,  respectively,  of  a handout  distributed  at  the  15  October  1976 
meeting  at  CDO).  The  installation  of  the  tendons  is  designed  to  enable 
the  structure  to  meet  current  overturning  requirements  under  all  loading 
conditions. 

5.  WES  was  asked  by  the  CDO  staff  to  review  four  pertinent  reports 
and  then  conduct  field  drilling;  recommend  field  and  laboratory  testing 

of  concrete,  rock,  and  silt;  validate  a previous  stability  analysis; 
determine,  present,  and  analyze  a prestressed  anchoring  system.  The 
results  of  structures  work  will  be  presented  under  a separate  cover. ^ 

Copies  of  four  reports,  a stability  investigation  report,  a periodic  in- 
spection report,  a stability  analysis  report,  and  a geological  foundation 

report  (all  pertinent  to  the  lock  and  dam)  were  received  at  the  October 

2-5 

meeting  for  review  and  background  Information.  The  reports  were 
reviewed  and  after  assessing  the  extent  and  difficulty  of  drilling, 
input  requirements  for  finite-element  codes,  and  the  proposed  stabiliza- 
tion method  to  be  used  at  Brandon  Road  Dam,  a proposal  was  prepared,  sent 
to  CDO,  and  approved  by  CDO. 
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6.  After  considering  the  engineering  characteristics  of  the  founda- 
tion rock  and  the  material  properties  as  described  In  the  appropriate  i 

reports,  a recommended  In  situ  and  laboratory  testing  program,  as  outlined 

In  Table  1,  was  proposed.  Pressure  transducer  tests  were  recommended 
in  order  to  evaluate  the  uplift  pressures  near  the  borehole.  Televiewer 
logging  was  proposed  to  determine  the  presence  and  orientations  of  dis- 
continuities In  the  foundation  In  order  that  their  effect  on  foundation 
stability  and  on  the  proposed  rehabilitation  plan  could  be  properly  evaluated. 

7.  A minimum  number  of  characterization  properties  on  representative 
specimens  were  recommended  to  aid  in  evaluating  the  consistency  of  the 
foundation  materials.  A minimum  number  of  unconfined  compression,  tri- 
axlal,  and  tensile  tests  were  recommended  on  specimens  selected  to  repre- 
sent each  lithologic  unit.  Strength  and  stress-strain  relations  would  be 
obtained  from  these  tests;  various  moduli  and  Poisson's  ratio  could  be 
calculated  for  use  in  finite-element  analyses.  Direct  shear  tests  were 
recommended  from  which  peak  strength  and  sliding  friction  characteristics 
of  portions  of  the  foundation  material  could  be  obtained.  Furthermore,  it 
was  recommended  that  a detailed  petrographic  examination  be  conducted  on 
suspected  clay  samples. 

8.  It  was  recommended  that  shear  tests  be  run  on  intact  specimens, 
precut  surfaces,  and  natural  joints.  The  presence  of  joints,  shear  zones, 
and  other  natural  discontinuities  reduces  the  shear  strength  of  a rock 
mass  to  values  much  below  those  for  intact  rock,  particularly  in  direc- 
tions parallel  to  these  discontinuities.  When  loading  conditions  dictate 
that  potential  failure  surfaces  cut  across  these  structural  features, 

the  appropriate  shear  strength  may  approach  that  of  intact  rock.  How- 

i 

ever,  where  loading  conditions  are  such  that  the  direction  of  loading  is  j 

parallel  or  subparallel  to  the  structural  features,  the  shear  strength  | 

is  a function  of  the  shearing  resistance  along  the  surfaces  of  the  dis- 
continuity. Also,  the  presence  of  dlscortlnultles  causes  a decrease  in 
the  modulus  of  deformation  of  the  mass  that  should  be  included  in  any 
proposed  finite-element  analysis.  Because  of  these  concerns,  a concentrated 
effort  was  made  to  determine  the  orientations  of  discontinuities  in  order 
to  properly  evaluate  their  effect  on  the  structure. 

8 

k 

J 


Oblectlves 


9.  The  objectives  of  this  study  were  as  follows: 

Review  available  infoirmation  from  reports  to  enable 
proper  selection  of  specimens  for  testing. 

Conduct  drilling  for  field  and  laboratory  testing  of 
concrete,  rock,  and  silt. 

c.  Make  an  analysis  of  tests  conducted  and  a summary  of  the 
foundation  condition. 

Prepare  a concrete  and  rock  data  appendix  for  the  re- 
habilitation design  memorandum. 


Scope 

10.  The  drilling  was  accomplished  using  a WES  drilling  crew,  plant, 
and  supplies.  A geologist  from  WES  logged  the  core  and  preserved  it  for 
laboratory  testing.  Delivery  of  the  core  and  silt  samples  to  WES  was 
made  in  two  shipments,  one  in  mid-November  1976  and  one  in  early  December 
1976.  The  laboratory  testing  program  was  initiated  after  receiving  the 
first  shipment  of  core  and  core  logs.  Geologic  cross  section  and  sections 
showing  bedrock  structural  characteristics  were  developed  from  available 
information.  These  sections  were  updated  as  additional  information  was 
received.  The  partial  sections  containing  information  from  the  first 
shipment  and  the  geological  information  presented  in  Reference  5 were 
used  in  the  initial  selection  of  representative  test  specimens. 

11.  The  objectives  of  this  study  were  accomplished  by  drilling 
concrete  and  rock  core  and  sampling  silt,  and  by  conducting  characterization 
property  tests,  unconflned  compression,  trlaxlal,  tensile,  and  direct 
shear  tests.  Direct  shear  tests  were  conducted  on  intact  core,  precut 
surfaces,  natural  joints,  and  on  thin  shale  beds  contained  in  the  dolo- 
mite. Several  suspected  clay  samples  were  subjected  to  a petrographic 
examination  to  ascertain  nomenclature  and  mineral  content. 

12.  A borehole  pressure  transducer  was  used  in  four  of  the  eight 
drilled  holes  to  determine  uplift  pressure.  A borehole  televiewer^  was 
used  in  five  of  the  eight  boreholes  to  obtain  information  concerning  the 
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orientations  of  discontinuities.  The  orientations  of  discontinuities  in 
relation  to  the  dam  were  considered  in  making  the  foundation  appraisal. 
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PART  II:  FOUNDATION  EXPLORATIONS 


Previous  Explorations 

13.  Previous  foundation  explorations  (1970  and  1971)  were  completed 
for  purposes  of  obtaining  a foundation  appraisal  of  the  bedrock  and  back- 
fill materials,  and  to  provide  design  criteria  for  use  In  a structural 
stability  analysis  at  Brandon  Road  Lock  and  Dam.  Another  drilling  pro- 
gram (1972)  was  undertaken  for  the  purpose  of  Installing  piezometers  in 
the  lock  wall  backfill. 

14.  Five  borings  penetrated  the  bedrock  with  only  one  being  drilled 
near  the  dam.  Hole  SACBR-6  was  drilled  about  14  ft  upstream  from  talnter 
gate  9.  The  geologic  information  obtained  from  these  borings  is  presented 
in  Reference  5 and  served  as  a valuable  reference  for  the  work  accomplished 
during  this  investigation. 


Current  Drilling 

15.  Drilling  operations  began  on  30  October  1976  with  boring 
number  BR  WES-1-76  and  were  completed  on  9 December  1976  with  boring 
number  BR  WES-8-76  (see  Figure  1 for  drill  hole  locations).  Drilling 
equipment  consisted  of  an  Acker  Toredo  Mark  II  skid-mounted  rotary  drill 
rig.  Six-inch  ID  diamond  core  bits  and  a 5-ft  long  double-tube  barrel 
were  used  to  drill  the  concrete  and  the  bedrock.  The  upstream  silt  was 
sampled  using  a 3-in.-diam  by  2-1/2-ft  long  Hvorslev  fixed  piston  sampler 
driven  by  the  hydraulic  system  of  the  drill  rig.  Access  to  the  drill 
holes  was  by  a marine  floating  plant  with  the  exception  of  BR  WES-1-76; 
the  skid  rig  was  pulled  to  this  location  in  the  head-gate  section. 

Typical  drill  rig  setups  are  shown  in  Figures  2 and  3.  Pertinent  informa- 
tion about  the  borings  drilled  at  Brandon  Road  Dam  is  tabulated  below. 
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a.  Drilling  on  hole  BR  WES-1-76,  headgate  section 


Typical  drill  rig  setup  over  holes  BR  WES-2  and  3-76 
tainter-gate  section 


Figure  2.  Drill  rig  setup  for  holes  BR  WES-1,  2,  and  3-76 


Drill  rig  setup  over  hole  BR  WES-6-76,  downstream 
of  concrete  apron  and  sluice-gate  pier 

Figure  3.  Drill  rig  setup  over  holes  BR  WES-4  and  6-76 


Boring  No. 
BR  WES- 76 

Section 

Hole  Located 

Elevation,  Top 
of  Hole,  ft 

Depth  of 
Hole,  ft 

Material  Drilled 

1 

Head-gate  pier 

543.0 

86.8 

41.3  ft  concrete; 
45.5  ft  bedrock 

2 

Tainter-gate  pier 
between  gates 

8 and  9 

541.9 

98.3 

52.9  ft  concrete; 
45.6  ft  bedrock 

3 

Tainter-gate  pier 
between  gates 

18  and  19 

541.9 

97.9 

52.5  ft  concrete; 
45.5  ft  bedrock 

4 

Sluice-gate  pier 

543.7 

97.3 

51.7  ft  concrete; 
45.6  ft  bedrock 

5 

US  pool 

540.9 

71.2 

13.0  ft  silt; 

6.5  ft  gravel 
and  boulders; 
31.7  bedrock 

6 

DS  pool 

507.7 

42.8 

4.5  ft  gravel 
and  boulders; 
30.3  ft  bedrock 

7 

US  pool 

540.9 

17.5 

8.5  ft  silt 

8 

US  pool 

540.9 

17.5 

8.5  ft  silt 

16.  Continuous  samples  were  obtained  except  in  the  first  portion 
of  the  US  and  downstream  (DS)  holes.  Some  of  the  overburden  sediments 
containing  organic  materials,  gravels,  and  boulders  could  not  be  sampled. 
Four-  and  eight-inch  casing  was  set  in  the  silt  and  gravels,  respectively, 
when  mecessary  to  keep  the  borings  open.  The  casing  was  set  to  competent 
bedrock. 

17.  Total  footage  pushed  and  drilled  was  30.0  and  453.5  ft,  re- 
spectively; 198.4  ft  of  concrete  and  255.1  ft  of  rock  were  drilled.  Rep- 
resentative samples  of  concrete  and  all  of  the  bedrock  samples  were  pre- 
served for  laboratory  testing.  The  procedure  for  preserving  the  samples 
was  as  follows:  As  the  core  came  out  of  the  core  barrel  it  was  laid  out 
and  pieced  together;  a cursory  log  was  constructed;  a photograph  was  made; 
then  the  core  was  wrapped  in  plastic  and  waxed  with  a lukewarm  mixture  of 
50:50  microcrystalline  and  paraffin  wax.  The  average  length  of  time  the 
core  was  exposed  to  the  air  was  4+1  min.  The  core  was  wetted  during  the 
exposed  period.  Core  recovery  was  very  good,  ranging  from  99  to  100  percent. 
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The  bedrock  Is  apparently  tight  as  evidenced  by  little  or  no  loss  of 
drilling  water. 

18.  The  four  drill  holes  across  the  dam  were  plugged  at  the  top 
with  wood  but  left  open  for  the  remaining  depth.  The  US  and  DS  holes 

that  were  drilled  into  bedrock  were  grouted  the  full  depth  with  Sack-Crete, 
a commercially  available  prepackaged  concrete  mixture. 

Pressure  Transducer  Measurements 

19.  Measurements  of  the  uplift  pressure  at  the  base  of  the  dam 
were  taken  in  the  four  holes  along  the  crest  of  the  dam.  The  drilling 
rig  was  used  to  place  a packer  at  a predetermined  elevation.  After 
measurements  were  taken,  the  drilling  was  continued. 

20.  These  measurements  were  made  Immediately  after  the  concrete- 
rock  interface  had  been  reached.  The  technique  consisted  of  a strain- 
gaged  diaphragm  pressure  transducer  mounted  in  the  bottom  of  a packer 
with  the  signal  leads  connected  to  required  instrumentation  on  the  top 
of  the  dam.  With  the  gage  and  packer  in  place,  the  packer  was  Inflated 
to  seal  the  hole  and  pressure  measurements  were  made  continuously 

for  a sufficient  period  of  time  to  determine  the  uplift  pressure.  Ap- 
proximately one  hour  was  required  before  a constant  pressure  was  recorded. 
The  uplift  pressure  can  only  be  associated  with  the  area  Immediately 
adjacent  to  the  borehole. 


Televiewer  Logging 


21.  In  the  absence  of  oriented  core  samples  from  which  the  strikes 
and  dips  of  planar  features  could  be  determined,  it  was  decided  to  use 
a borehole  televiewer  logging  tool  to  obtain  these  structural  parameters 
from  the  borehole  walls.  The  WES  televiewer  was  run  in  the  four  borings 
across  the  crest  of  the  dam  and  in  the  DS  hole,  BR  WES-6-76.  The  full 
depth  of  the  holes  was  logged,  hence  information  on  fractures  in  the 
concrete  and  bedrock  was  obtained.  The  televiewer  was  run  in  the  holes 
from  a geophysical  truck  that  was  placed  on  a floating  barge  (Figure  4) . 
Cable  to  the  downstream  hole  was  fed  through  a series  of  pullles. 
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22.  The  televiewer  contains  a continuously  rotating  piezoelectric 
transducer  which  probes  the  borehole  wall  with  bursts  of  acoustic  energy 
in  a manner  similar  to  sonar.  Because  the  tool  is  moved  vertically  up 
the  hole  simultaneously  with  transducer  rotation,  a narrow,  spiral  strip 
of  the  wall  is  probed.  Vertical  velocity  is  controlled  so  that  the  en- 
tire borehole  wall  is  logged.  The  log  is  oriented  electronically  by  a 
fluxgate  magnetometer  rotating  with  the  transducer  and  sensing  magnetic 
north.  The  amount  of  energy  reflected  by  the  wall  and  thus  detected  upon 
return  to  the  transducer  is  a function  of  the  physical  properties  of  the 
surface.  A smooth  surface  will  reflect  better  than  a rough  surface,  a 
hard  surface  better  than  a soft  one,  and  a surface  perpendicular  to  the 
acoustic  beam  better  than  a skewed  one.  Past  experience  has  shown  that 
cracks  and  vugs  as  small  as  1/8  to  1/4  in.  are  identifiable  in  good,  com- 
petent rock.  Less  competent  rock  materials  degrade  this  resolution  somewhat 
because  of  wall  roughness  caused  by  drilling. 
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PART  IIIJ  GEOLOGICAL  CHARACTERISTICS  OF  FOUNDATION 


Bedrock  Stratigraphy 

23.  Visual  observations  of  the  core  received  at  WES  are  in  general 
agreement  with  descriptions  of  core  and  of  stratigraphy  given  in  Reference  5. 
Therefore,  only  a brief  description  of  the  foundation  rock  will  be  given 

in  the  following  paragraphs. 

24.  The  bedrock  beneath  and  adjacent  to  the  dam  is  dolomite  of  the 
Brandon  Bridge  member  of  the  Joliet  Formation  which  is  part  of  the  Niagaran 
series  of  Silurian  age.  The  dolomite  is  a light  gray,  fine-grained  rock. 

The  upper  portion  contains  blue-green,  clay-filled  bedding  partings  (BP) 
which  give  the  rock  a light  blue-green  appearance.  The  rock  lower  in  the 
section  contains  numerous  dark  gray,  shale-filled  BP.  The  rock  becomes 
increasingly  shaly  with  depth  and  the  shale-filled  BP  become  less  dis- 
tinctive. Numerous  chert  nodules  and  bands  occur  throughout  the  rock. 

Figure  5 presents  typical  photographs  made  of  the  upper  and  lower  sec- 
tions of  bedrock. 


Geologic  Cross  Sections 

25.  A list  of  the  abbreviations  used  on  the  geologic  and  structural 
cross  sections  is  presented  in  Appendix  A.  Two  cross  sections  were  drawn 
to  show  an  overview  of  the  bedrock  material  as  well  as  to  assist  in  the 
selection  of  representative  test  specimens.  The  location  of  the  sections 
is  shown  in  Figure  1 as  lines  A' -A'  and  B'-B'  with  the  A'  line  parallel, 
and  the  B'  line  perpendicular  to  the  axis  of  the  dam.  Sections  A' -A' 

and  B'-B'  are  presented  in  Plates  5 and  6,  respectively. 

26.  Section  A' -A'  shows  the  thickness  of  concrete  and  the  depth 
of  the  bedrock  recovered  from  each  borehole.  The  concrete  is  considered 
to  be  in  good  condition  having  been  adequately  consolidated  during  place- 
ment. The  top  4 ft  of  concrete  in  the  talnter-gate  piers  section  shows  the 
results  of  frost  action;  however,  compressive  strengths  within  this  zone 
are  in  excess  of  3550  psl.  Both  tight  and  loose  horizontal  construction 
Joints  were  encountered  during  drilling.  Portions  of  borings  BR  WES  2-  and 
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Sample  of  upper  rock 


Sample  of  lower  rock  showing  numerous  bedding  plains 
Figure  5.  Typical  bedrock  samples 


3-76  were  drilled  parallel  to  vertical  pier  construction  joint;  some 
portions  were  tight  while  others  were  loose.  Both  of  these  holes  were  drilled 
in  tainter-gate  piers.  A tight  contact  between  the  concrete  and  the  bed- 
rock was  observed  in  hole  BR  WES- 1-76  (head-gate  section)  while  in  the 
other  three  holes  the  contact  was  loose. 

27.  About  45  ft  of  rock  was  recovered  from  the  borings  on  sec- 
tion A'-A',  all  of  which  is  dolomite.  The  rock  is  light  gray  with  clay- 
and  shale-filled  BP  as  described  under  Bedrock  Stratigraphy;  the  BP  are 
as  thick  as  1/16  in.  Individual  BP  will  vary  from  1/64  to  1/16  in.  The 
blue-green  clay  BP  occur  every  0.1  to  0.2  ft,  while  deeper  in  the  sec- 
tion the  dark  gray  clay  and  shale-filled  BP  occur  more  frequently  at 
about  every  0.05  to  0.2  ft.  Occasional  clay-filled  seams  with  apparent 
uniform  thickness  of  1/16  in.  occurred  in  the  upper  dolomite  containing 
the  blue-green  clay-filled  BP. 

28.  The  bedrock  in  sections  A'-A'  and  B'-B'  has  been  subdivided 
into  three  units  as  seen  in  Plates  5 and  6.  The  subdivisions  were  made 
based  upon  the  color  and  composition  of  the  filled  BP.  The  units  are 
continuous  across  the  dam  foundation  and  consist  of  dolomite  with  the 
blue-green  clay  BP,  dolomite  with  blue-green  shale  BP,  and  dolomite  with 
dark  gray  shale  BP.  The  overburden  abutting  the  tainter  gates  of  the  dam 
consists  of  about  9 ft  of  organic  silt  with  large  amounts  of  fibrous  or- 
ganic matter  and  about  6.5  ft  of  gravel-to-boulder  size  rock;  these 
depths  apply  to  the  area  just  behind  the  sluice-gate  pier  adjacent  to 
tainter-gate  1.  The  section  of  silt  and  gravel  is  presented  in  Plate  6. 

Bedrock  Structural  Characteristics 


29.  The  bedrock  structural  characteristics  relevant  to  founda- 
tions are  presented  in  Plates  7 and  8 and  represent  the  same  sections 
(A'-A'  and  B'-B')  as  described  in  paragraphs  25-28.  These  sections  and 
the  core  logs  from  borings  BR  WES-1-76  through  BR  WES-6-76  were  used  for 
fracture  evaluation. 
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30.  The  bedrock  Is  considered  competent  and  massive.  No  appreciable 
dip  could  be  measured  on  the  bedding  surfaces,  therefore  bedding  Is  as- 
sumed to  be  horizontal  over  the  foundation.  The  bedding  surfaces  are 
Irregular  with  a nominal  1-ln.  differential  between  the  peaks  and  val- 
leys both  of  which  are  generally  rounded  (Figure  5) . 

31.  Reference  5 states  that  there  Is  no  evidence  of  major  faulting 
In  the  Joliet  formation  In  and  around  the  dam  site.  No  evidence  of 
sheared  or  brecclated  rock  was  detected  In  the  core.  The  reference 
cites  geological  literature  that  Indicates  an  Intersecting  vertical-joint 
pattern  trending  NE-SW  and  SE-NW.  Five  hlgh-angle  joints  were  detected 
In  four  drill  holes  with  an  average  dip  of  75  degrees  (Plates  7 and  8). 
These  joints  are  trending  NE-SW  and  SE-NW.  The  joints  occurring  In  the 
boreholes  are  too  scattered  to  establish  the  existence  of  joint  sets 

or  set  orientations. 

32.  Reference  5 uses  the  term  stylolltlc  planes  to  describe 
about  95  percent  of  the  bedding  planes  observed  In  core  recovered  from  a 
number  of  borings.  After  a detailed  petrographic  examination  It  was 
decided  to  use  the  term  "bedding  planes  with  Irregular  surfaces"  for 
nearly  all  the  BP  Instead  of  stylolltlc  planes.  Pettljohn's  definition^ 
of  stylolltlc  seams  was  used  as  the  criterion. 

A stylolltlc  seam  Is  a surface  of  contact  marked  by 
Interlocking  or  mutual  Interpretation  of  the  two  sides. 

The  teeth-llke  projections  of  one  side  fit  Into  sockets 
of  like  dimension  on  the  other. 

The  stylolltlc  surface  may  be  one  of  minute  and,  In 
some  cases,  of  microscopic  Irregularities,  or  it  may 
be  grossly  uneven  with  a relief  of  several  centimetres 
(up  to  30  cm).  The  stylolltlc  projections  commonly 
have  a columnar  aspect  and  may  even  be  striated  or 
grooved  in  a longitudinal  direction  perpendicular  to 
the  stylolltlc  surface  as  a whole. 

33.  A small  number  of  macro-  and  microscopic  stylolltes  were 
observed  on  the  core  drilled  during  this  study.  A moderate  number  of 
the  filled  irregular  BP  had  pieces  of  fractured  dolomite  contained  In 


the  filling  material.  This  was  evidence  of  a depositional  features  as 
opposed  to  a postdepositional  feature  'as  stylolites  are  described  in 
Pettijohn) . ^ 

34.  The  irregular  clay-filled  BP  are  not  considered  continuous 
over  the  foundation;  they  are  very  tight  and  the  rock  gives  a solid  ring 
when  struck  with  a hammer.  The  1/16-in.  uniformly  thick  clay-filled  BP 
observed  in  borings  BR  WES-1,  2,  and  3 are  not  considered  continuous 
over  the  foundation. 
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PART  IV:  SELECTION  OF  TEST  SPECIMENS  AND  TEST  PROCEDURES 


Cores  Received 

35.  Approximately  10  ft  of  concrete  and  45  ft  of  rock  were  received 
from  each  of  the  four  borings  along  the  crest  of  the  dam;  about  14  ft  of 
silt  and  about  30  ft  of  rock  core  were  received  from  the  upstream  and 
downstream  holes.  Pertinent  information  concerning  the  core  received  at 
WES  is  presented  in  Table  2.  Two  shipments  were  received  during  the 
drilling  operation.  Eleven  boxes  of  concrete,  58  boxes  of  rock,  and  7 
tubes  of  silt  were  received  at  WES.  Upon  receipt  of  the  core  at  WES, 

the  boxes  were  placed  in  a moist  curing  room  until  the  selection  of  test 
specimens  was  completed. 

Selection  of  Test  Specimens 

36.  The  petrographic  examination  indicated  that  the  deepest  con- 
crete deterioration  occurred  at  4.3  ft.  Therefore,  concrete  test  speci- 
mens were  selected  from  the  first  4 ft  of  core.  For  comparison  purposes, 
concrete  from  the  mid  and  bottom  portion  of  the  dam  (talnter-gate  piers) 
was  selected  for  testing.  Characterization  properties,  effective  (wet) 
unit  weight  (y  m) , compressional  wave  velocity  (Vp) , compressive  strength 
(UC) , Young's  modulus  (E),  and  Poisson's  ratio  (v)  were  determined  or 
calculated.  Only  Vp's  could  be  obtained  from  the  concrete  at  the  mid 
and  bottom  portions  of  the  hole  because  the  core  contained  a vertical 
construction  joint. 

37.  Since  the  bedrock  at  Brandon  Road  Dam  was  considered  competent, 
it  was  suggested  that  only  the  first  25  ft  of  bedrock  be  tested.  It 

was  anticipated  that  the  proposed  anchorages  would  be  located  no  deeper 
than  25  ft.  An  attempt  was  made  to  select  test  specimens  rep- 
resentative of  the  rock  in  close  proximity  to  the  concrete-rock  contact. 
Where  feasible,  this  was  accomplished.  The  test  assignment  locations  can 
be  obtained  from  the  tables  of  test  results. 
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38.  There  were  six  types  of  specimens  tested  In  direct  shear: 
concrete  on  rock.  Intact,  cross-bedded,  precut,  filled  parting,  and 
natural  jointed.  The  majority  of  test  specimens  selected  for  direct 
shear  was  obtained  within  the  first  5 ft  below  the  concrete-rock  con- 
tact. Representative  specimens  of  the  clay-filled  BP  were  tested  In 
direct  shear  and  designated  as  filled  partings.  In  selecting  dolomite 
cores  containing  natural  joints.  It  was  observed  that  the  surfaces  were 
undulated  to  such  an  extent  tbat  the  differential  between  high  and  low 
portions  was  too  great  in  most  cases  for  the  direct  shear  apparatus. 
Consequently,  only  two  specimens  were  found  that  could  be  tested. 

39.  Three  UC  specimens  from  each  boring  were  selected  to  repre- 
sent each  10  ft  of  core  for  the  first  30  ft  below  the  concrete- 

rock  contact.  Specimens  containing  the  1/ 16-in.  uniformly  thick  clay- 
filled  BP  were  tested  in  UC;  a total  of  five  specimens  was  obtained. 

All  other  test  specimens  contained  a number  of  the  paper-thin  filled  BP. 
Specimens  for  direct  tensile  strength  (Tg)  were  selected  near  the  25  ft  depth 
below  the  concrete-rock  contact  where  the  greatest  tensile  stress 
would  be  imparted  to  the  bedrock  by  the  anchors.  Three  of  the  silt 
samples  were  selected  for  S triaxial  testing  and  two  for  R triaxial 
testing. 


Test  Procedures 


40.  The  characterization  property  tests  were  conducted  in  accor- 
dance with  the  appropriate  test  methods  as  tabulated  below. 


Property 


Test  Method 


Effective  Unit  Weight  (As 
Received) , Ym 
Dry  Unit  Weight,  Yd 
Water  Content , w 
Compressional  Wave  Velocity, V 
Compressive  Strength,  UC 
Direct  Tensile  Strength,  T 


RTM  109* 

RTM  109 

RTM  106  g 

RTM  110  (ASTM  D 2845) 
RTM  111  (ASTM  D 2938) 
RTM  112  (ASTM  D 2936) 


* Proposed  Rock  Test  Method,  Corps  of  Engineers,  in  review  prior  to  publication. 


24 


^1  The  engineering  design  tests  were  conducted  in  accordance 
with  the  appropriate  test  methods  as  presented  below. 


Property 


Test  Method 


Elastic  Moduli 
Triaxial  Strength 
Multistage  Triaxial  Strength 
Direct  Shear  Strength 
R and  S Triaxial  Strength 


RTM  201  (ASTM  D 3148) 
RTM  202  (ASTM  D 2664) 
RTM  204 
RTM  203 

EM  1110-2-1906^ 


42.  For  the  compression  and  triaxial  compression  test,  the  speci- 
mens were  cut  with  a diamond-blade  saw  and  the  cut  surfaces  were  ground 
flat  to  0.001  in.;  specimens  were  checked  for  parallel  ends  and  the  per- 
pendicularity of  ends  to  the  axis  of  the  specimen.  Electrical  resistance 
strain-gages  were  used  for  strain  measurements.  Two  each  were  employed 
in  the  axial  (vertical)  and  horizontal  (circumferential)  directions.  The 
modulus  of  elasticity,  Poisson's  ratio,  and  shear  modulus  were  computed 
from  the  strain  measurements.  Axial  specimen  load  was  applied  with  a 
440,000-lb  capacity  universal  testing  machine. 

43.  The  concrete-on-rock  specimens  were  fabricated  using  a general 
mass  concrete  mixture  having  an  approximate  compressive  strength  of 

2000  psi  at  28  days  age.  The  concrete  was  wet  sieved  over  a 1-in.  sieve- 
size  screen,  and  the  portion  passing  was  cast  on  top  of  rock  cores  con- 
tained in  the  bottom  section  of  6-in.-diam  molds.  Rock  surfaces 
onto  which  the  concrete  was  cast  were  gently  undulating.  Rock  cores 
used  for  these  tests  were  taken  from  within  6 in.  of  the  dam  concrete- 
rock  contact. 
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Petrographic  Examination 


44.  The  concrete  cores  were  examined  for  signs  of  deterioration 
and  general  physical  condition.  The  near-surface  pieces  were  sawed  In 
half  parallel  to  the  long  axis  of  the  core  to  allow  better  examination 
of  the  effects  of  frost  damage  and  other  deleterious  reaction.  An  Im- 
mersion mount  of  apparent  gel  from  the  core  was  examined  and  gel  was 
Identified. 

45.  The  rock  portion  of  each  boring  was  examined  more  carefully 
to  supplement  the  Information  obtained  during  the  field  logging.  A 
comparative  visual  examination  was  made  of  the  rock  at  various  depths 
within  each  boring  and  between  the  borings. 

46.  Pieces  of  core  representing  the  different  rock  types  from  each 
boring  were  examined  with  a stereomicroscope.  Some  of  the  pieces  were 
broken,  their  surfaces  etched  with  dilute  hydrochloric  acid  and  then  re- 
examined . 

47.  A sample  of  each  rock  type  was  ground  to  pass  a 45-ym  sieve 
and  then  examined  by  X-ray  diffraction.  Samples  of  clay  partings  were 
selectively  removed  and  ground  in  distilled  water.  The  resulting  paste 
was  put  on  a glass  slide,  air  dried,  and  then  examined  by  X-ray  diffrac- 
tion. The  X-ray  examinations  were  made  with  an  X-ray  diffractometer  using 
nickel-filtered  copper  radiation. 

48.  The  photographs  taken  in  the  field  have  been  assembled  in  a 
loose-leaf  notebook.  One  set  is  on  file  at  CDO  and  one  set  at  WES. 
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PART  V:  TEST  RESULTS  AND  ANALYSIS 


Pressure  Transducer  Measurements 


49.  The  results  of  Che  pressure  transducer  tests  are  tabulated 
below.  The  drill-hole  numbers  are  not  consecutive,  but  rather  in  sequence 
as  the  holes  were  drilled  across  the  dam  (Figure  1). 


Gage 

Depth 


Drill 

Hole 

No. 

Below 

US  Head 
ft 

Tailwater 

Depth 

ft 

Tailwater 

ft 

Pressure 

Measured 

psl 

Drill  Hole 
Water  Head 
ft 

Uplift 

Pressure 

psi 

BR 

WES-1-76 

41.20 

33.60 

7.60 

4.73 

10.92 

1.43 

BR 

WES-4-76 

51.80 

31.00 

20.80 

8.37 

19.32 

0.64. 

BR 

WES-2-76 

52.90 

33.80 

19.10 

16.04 

37.00 

7.76* 

BR 

WES-3-76 

52.50 

31.00 

21.50 

10.40 

24.01 

1.09 

Note:  Hole  drilled  on  vertical  construction  joint,  assumed  open  to 
upstream  head. 

Date  measured:  1-76,  11-3-76,  2-76,  11-9-76;  3 and  4 76,  11-16-76. 


50.  If  the  drainage  system  under  the  dam  is  effective,  the  uplift 
at  the  toe  of  the  dam  will  generally  be  tallwater  pressure.  "The  uplift 
pressure  at  any  point  under  the  structure  will  be  tailwater  pressure 
plus  the  pressure  measured  as  an  ordinate  from  tailwater  to  the  hydraulic 
gradient  between  upper  and  lower  pool."^^  The  head  in  borings  BR  WES-1 
and  4-76  indicates  that  slight  uplift  pressure  exists  above  that  expected 
from  tailwater.  This  additional  pressure  is  assumed  to  be  caused  by  the 
hydraulic  gradient  between  upper  and  lower  pool.  The  measurement  of  the 
gradient  was  beyond  the  scope  of  this  study.  The  head  in  borings  BR 
WES-2  and  3-76  is  meaningless  in  terms  of  uplift  pressure  because  these 
borings  are  open  to  the  upstream  head  through  an  open  vertical  construc- 
tion joint.  It  was  noted  during  the  drilling  operation  that  drill  water 
was  lost  in  boring  BR  WES-3-76  at  a depth  of  about  40  ft.  The  loss 
probably  occurred  through  the  construction  joint.  As  mentioned  earlier, 
the  uplift  pressure  measurements  were  conducted  as  a matter  of  interest; 
however,  they  Indicate  improper  drainage  at  specific  locations  under  the  dam. 
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Discontinuities  from  Core  Logs  and  Televiewer 


51.  Borehole  televiewer  surveys  were  run  in  borings  BR  WES-1,  2, 

3,  4,  and  6.  The  televiewer  logs  provide  records  of  the  five  borings 
surveyed  at  Brandon  Road  and  are  presented  as  Figures  6 and  7;  these 
figures  are  drawn  with  the  same  format  as  the  geologic  cross  sections 
described  earlier.  Each  log  strip  is  divided  vertically  into  eight  seg- 
ments, each  representing  a 45-deg  segment  of  the  compass.  North  is  at 
the  left  margin  and  again  at  the  right  margin.  South  is  represented  by 
the  center  line,  east  the  midpoint  left  of  the  center  line,  and  west 
the  midpoint  right  of  the  center  line.  Features  of  the  borehole  wall 
appear  on  the  film  in  black  and  white  tones  in  much  the  same  shape  and 
dimensions  in  which  they  occur  on  the  bore  wall.  Size  and  shape  of 
openings  and  width,  strike,  and  dip  of  planar  discontinuities  such  as 
bedding  planes,  fractures,  and  joints  can  be  measured  on  the  televiewer 
log. 

52.  Prior  to  analysis  of  the  televiewer  logs,  core  logs  and  core 
photos  were  consulted  with  the  result  that  very  little  geologic  structure 
was  indicated  in  the  subsurface  to  the  depths  explored  in  this  investi- 
gation. The  geologic  structure  considered  important  for  purposes  of 
stability  analysis  Includes  joints  or  bedding  planes  dipping  greater 

than  10  degrees.  Only  15  fractures  in  rock,  most  of  which  were  short  dis- 
continuous fractures,  were  described  in  the  core  logs  of  the  five  borings. 
Of  those  15,  only  4 were  sufficiently  continuous  and  distinct  in  the  core 
to  be  considered  joints.  These  four  were  also  discernible  on  the  tele- 
viewer logs  and  are  tabulated  below. 


Drill  Hole  No. 

El 

ft 

Strike  and  Dip 

BR  WES-1-76 

491.0 

to 

488.8 

N 50°  E,  75°  NW 

BR  WES-3-76 

476.1 

to 

473.3 

N 45°  W,  Vert. 

BR  WES-3-76 

458.9 

to 

457.4 

N 45°  W,  Vert. 

BR  WES-6-76 

489.6 

to 

486.6 

N 90°  E,  78°  S 
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53.  The  majority  of  the  other  features  visible  on  the  televiewer 
logs  are  probably  horizontal  bedding-related  structures  such  as  vugs, 
primarily  solution  cavities,  zones  of  soft  material  such  as  clay  and 
shale  that  washed  out  during  drilling,  and  light  and  dark  banding  by 
clay  and  shale  interbeds.  The  fractures  occurring  in  the  boreholes 
were  too  scattered  to  establish  the  existence  of  joint  sets  or  set 
orientations.  Deere's  rock  quality  designation^^  (RQD)  classifies 
rock  as  excellent  if  the  RQD  is  between  90  and  100  percent.  On  this 
basis,  the  rock  at  Brandon  Road  would  be  rated  excellent  because  all 
breaks  in  the  core  were  classified  as  mechanical. 

54.  In  three  of  the  four  borings  across  the  dam,  the  concrete- 
bedrock  contact  was  loose.  The  headgate  boring  shows  a very  tight  con- 
tact. This  fact  should  be  seriously  considered  when  making  the  stability 
analysis. 

Petrographic  Examination 

55.  The  concrete  was  generally  in  good  condition.  Frost  damage 

was  generally  confined  to  the  first  4 ft  of  concrete  measured  from  the  sur- 
face. Frost  action  has  caused  parallel  to  subparallel  cracking  through 
the  paste  and  aggregates. 

56.  Some  alkali-silica  gel  reaction  product  was  observed  in  the 
concrete.  The  occurrence  of  this  reaction  product  was  not  believed  to  be 
extensive  enough  to  affect  the  concrete.  The  description  of  the  cores 
are  given  in  the  geologic  cross  section  A'-A'  (Plate  5). 

57.  The  foundation  material  was  essentially  made  up  of  one  rock 
type  with  only  a variation  in  color  and  some  texture  differences  within 

each  hole.  Very  little  variation  between  the  holes  was  r.7Ced.  The  near-surface 
rock  contained  soft  blue-green  clay.  The  clay  was  easily  dug  out  from 
the  BP  and  the  BP  could  be  separated  with  little  or  no  effort.  The 
extent  of  this  feature  and  the  color  differentiation  are  noted  in  geologic 
cross  sections  A'-A'  and  B'-B'  (Plates  5 and  6).  The  remaining  rock 
contained  shale  with  occasional  clay-filled  partings. 
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58.  The  rock  was  essentially  a light  gray  to  dark  gray  dolomite 
with  some  quartz.  The  color  change  was  caused  by  shale  impurities  but 
in  all  of  the  cases  examined,  the  shale  was  not  present  in  large  enough 
quantities  to  be  detected  by  X-ray  diffraction  of  a composite  of  the 
rock.  The  bluish-green  clay  and  shale  causing  different  colors  in  the 
rock  consisted  of  clay-mica  and  kaolinlte. 

59.  There  were  only  a few  structural  features  and  they  are  shown 
in  structural  cross  sections  on  Plates  5 and  6.  The  most  notable  feature 
was  the  high-angle  fracture  in  holes  BR  WES-1,  3,  5 and  6-76  at  elevations 
490  ft,  475  ft,  488  ft,  and  487  ft,  respectively. 

60.  The  rock  was  similar  in  all  of  the  holes  and  should  have  the 
same  general  physical  properties.  The  area  near  the  rock  surface  contain- 
ing the  clay  seams  and  the  fractured  areas  should  give  different  physi- 
cal test  results. 

Characterization  Properties 

Concrete 

61.  The  results  of  the  characterization  property  tests  of  the 
bedrock  are  presented  in  Table  3.  The  average  value,  the  range  (difference 
between  highest  and  lowest  values),  and  the  number  of  tests  for  the  con- 
crete are  tabluated  below. 


ym 

Yd 

w 

UC 

Ts 

lb/ft3 

lb/ft3 

% 

fps 

psi 

psi 

Concrete,  <4  ft  depth 

Average 

147.9 

135.8 

9.0 

13,891 

4320 

455 

Range 

4.3 

4.3 

1.5 

2,665 

1520 

— 

No.  of  tests 

3 

3 

3 

3 

3 

1 

Concrete,  >4  ft  depth 

Average 

151.3 

141.8 

6.7 

15,682 

5760 

542 

Range 

6.2 

8.5 

1.2 

3,491 

3020 

105 

No.  of  tests 

5 

5 

5 

10 

5 

2 

k: 
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62.  Most  of  the  characterization  properties  of  the  top  4 ft  of 
concrete  are  considerably  different  from  the  properties  of  the  concrete 
below.  There  is  a 3 and  4 percent  difference  in  unit  weights  for  the 
and  Yd»  respectively,  with  the  deeper  concrete  having  the  greater  unit 
weight.  The  w for  the  deteriorated  concrete  is  26  percent  higher  than 
the  w for  the  deeper  concrete.  The  Vp  for  the  deteriorated  concrete  is 
11  percent  lower  than  the  for  the  deeper  concrete.  The  UC  for  the  top 
4 ft  of  concrete  is  25  percent  lower  than  the  UC  for  the  deeper  concrete, 
while  the  tensile  strength  is  16  percent  lower.  The  marked  difference 
between  these  two  zones  of  concrete  is  due  to  damage  incurred  by  the  top 
4 ft  of  concrete  as  it  underwent  freezing  and  thawing. 

63.  Selected  physical  properties  are  located  by  elevation  on  cross 
section  sheets  having  the  same  format  as  the  geologic  cross  section  de- 
scribed earlier  (Plates  9 and  10) . The  plots  give  a visual  comparison 

of  property  data  for  the  length  of  concrete  and  bedrock  core  drilled  and 
tested.  In  general  the  Vp,  and  UC  of  the  concrete  increases  with 
depth.  The  greatest  concrete  strength  and  Vp  are  8140  psi  and  17,895  fps, 
respectively,  which  represent  concrete  about  one-third  of  the  way  down 
the  sluice-gate  pier. 

64.  Except  for  the  top  4 ft  of  concrete  in  the  sluice-  and  tainter- 
gate  piers,  the  concrete  is  considered  sound  and  structurally  adequate 
for  its  intended  purpose.  An  analysis  of  the  top  4 ft  of  concrete  will 

be  given  with  the  results  of  the  petrographic  examination. 

Bedrock 

65.  The  results  of  the  characterization  property  tests  of  the 
bedrock  are  presented  in  Table  4.  The  average  value,  the  range,  and  the 
number  of  tests  are  tabulated  below.  The  UC  and  E for  the  dolomite  con- 
taining the  uniform  1/16-in.  thick  clay  seam  are  quite  different  from 
the  UC  and  E for  dolomite  without  the  seam.  The  dolomite  is  tabulated 
in  two  groups  to  emphasize  this  fact . 
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Yxn 

^d  ^ 

w 

UC 

T 

*■  Q 

lb/ft3 

lb/ft3 

% 

fps 

psi 

O 

psi 

Dolomite  with 

1/16-in. -thick  Cl  seams 

Average 

164.9 

159.9 

3.3 

17,691 

7,430 

— 

Range 

9.8 

15.3 

4.8 

3,336 

4,620 

— 

No.  of  tests 

5 

5 

5 

5 

5 

— 

Dolomite  without  seam 

Average 

164.3 

159.0 

3.3 

17,295 

10,560 

123 

Range 

11.7 

17.4 

4.1 

5,181 

7,460 

no 

No.  of  tests 

19 

18 

18 

16 

13 

3 

66.  The  unit  weights  of  the  dolomite  are  consistent  and  reasonable 
for  a sound  dense  dolomite.  The  average  Yjjj  is  164.4  Ib/ft^  which  compares 
quite  well  with  the  166  Ib/ft^  reported  in  Reference  5.  The  range  in 

Ym  is  about  13  Ib/ft^  which  is  not  considered  great  in  view  of  the  varia- 
tions in  number  of  filled  BP  between  test  specimens.  The  w for  the 
dolomite  varied  considerably.  The  average  is  3.3  percent  with  a range  of 
4.8  percent.  Again,  the  difference  in  the  number  of  filled  BP  likely 
caused  the  wide  range  in  w. 

O 

67.  The  V ranged  from  a low  of  14.7  x 10  ft/sec  to  a high  of 

19.9  X 10  ft/sec  and,  in  general,  are  in  good  agreement  with  the  velocity 

data  reported  earlier.^  The  previously  reported  V data  ranged  between 
3 ^ 

14.3  and  20.0  x 10  ft/sec.  The  data  might  be  useful  in  correlations 
with  in  situ  seismic  velocities  if  such  were  available. 

68.  In  the  above  summary  of  characterization  properties  the  dolo- 
mite was  divided  into  two  units,  dolomite  with  a 1/16-in.  uniformly  thick 
clay  seam  and  dolomite  without  such  a uniformly  thick  clay  seam.  All 
specimens  tested  in  compression  contained  the  paper-thin  irregular  BP, 
most  of  which  had  small  amounts  of  clay  or  shale  filling.  The  five  test 
specimens  with  a 1/16-in.  seam  have  an  average  strength  of  7430  psi;  13 
specimens  without  this  seam  have  an  average  strength  of  10,560  psi. 

69.  Because  only  five  specimens  were  found  to  contain  the  uniform 
clay  seam  and  these  specimens  represented  a small  portion  of  the  bedrock, 
the  suggestion  was  made  that  the  strengths  of  the  specimens  with  the  seam 
be  averaged  with  the  other  strengths.  It  would  have  been  difficult  to 
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include  the  1/ 16-in.  seam  in  the  finite  element  analysis  of  the  pre- 
stressed system  design,  l.e.,  in  a grid  of  the  foundation. 

70.  The  average  direct  tensile  strength  of  the  dolomite  located 
about  25  ft  below  the  concrete-rock  interface  is  123  psi.  The  controlling 
factor  in  the  tensile-strength  tests  was  the  f illed-bedding  planes.  The 
approximate  force  of  3500  lb  required  to  separate  the  BP  of  a 6-in.- 
dlam  rock  core  Indicates  the  relatively  good  bond  along  the  bedding 
planes.  As  indicated  in  Reference  5 the  filler  material  is  well  cemented 
to  the  dolomite. 


Engineering  Design  Properties 


Modulus  of  elasticity 
and  Poisson's  ratio 

71.  Results  of  the  modulus  of  elasticity  and  Poisson's  ratio  tests 
are  presented  in  Table  3 for  the  concrete  and  in  Table  5 for  the  bedrock. 

The  values  are  also  presented  in  Plates  9 and  10  at  the  emblematic  location 
from  which  the  test  specimens  were  taken.  The  stress-strain  relation  re- 
corded for  the  concrete  and  dolomite  cores  is  presented  in  Plate  11  and 
Plates  12  through  29,  respectively.  The  E was  calculated  as  an  incre- 
mental value  between  0 and  1000  psi;  in  most  cases  the  0 - 1000  incre- 
ment corresponded  to  the  initial  linear  portion  of  the  stress-strain  curve 
for  the  concrete  and  dolomite. 

72.  The  E and  v of  the  deteriorated  concrete  is  quite  different 
from  similar  values  for  the  sound  concrete.  The  average  E is  2.39  x 10^ 
psi  for  the  deteriorated  concrete  compared  with  A. 86  x 10^  psi  for  the  sound 
concrete.  The  deteriorated  concrete  and  the  sound  concrete  have  an  average 
V of  0.19  and  0.23,  respectively.  Both  the  high  and  low  values  of  E 

and  V were  suggested  for  use  in  the  anchorage  system  design  if  the  top 
4 ft  of  concrete  was  not  going  to  be  removed  prior  to  placing  bearing 
plates  at  the  top  of  the  dam.  If  the  deteriorated  concrete  is  removed 
to  a depth  of  4 ft,  then  the  higher  values  should  be  used. 

73.  The  E and  v»  for  the  specimens  containing  the  uniform  1/16- in. 
clay  seam  average  1.12  x 10^  psi  and  0.18,  respectively.  The  specimens 
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without  the  clay  seam  have  an  average  E that  Is  2.5  times  greater  than 
the  specimens  containing  the  seam.  The  range  In  E for  the  dolomite  with- 
out the  uniform  seam  Is  2.50  x 10^  to  3.33  x 10^  psl  with  an  average  of 
2.75  X 10^  psl.  The  average  v for  the  dolomite  without  the  uniform  clay 
seam  Is  0.17.  It  Is  recommended  that  the  difference  In  deformation  be- 
tween the  bedrock  containing  the  clay  seam  and  the  remaining  bedrock  be 
taken  Into  account  In  the  anchorage  system  design. 

Bearing  capacity 

74.  The  core  logs  were  examined  for  Indications  of  conditions 
critical  to  bearing  capacity;  none  were  detected.  The  lowest  compressive 

strengths  obtained  during  this  Investigation  for  the  concrete  and  dolomite  i 

are  presented  as  bearing  capacity  values.  The  bearing  capacity  of  the  j 

first  4.3  ft  and  lower  concrete  and  of  the  dolomite  Is  310,  368,  and  ’ 

423  tons  per  sq  ft  (tsf ) , respectively.  Bearing  capacity  of  the  founda- 
tion rock  Is  not  considered  critical;  failure  within  the  bedrock  would 
be  controlled  by  sliding  rather  than  by  bearing. 

Trlaxlal 

1 

75.  The  stress  values  obtained  during  the  trlaxlal  tests  are  pre-  j 

sented  In  Table  6 for  the  dolomite.  The  stress  values  are  plotted  on  ! 

Plate  30  using  the  p-q  diagram. 

76.  There  are  two  common  ways  to  find  values  of  the  cohesion  Inter-  ! 

I cept  (c)  and  the  angle  of  shearing  resistance  (((>):  (a)  construct  Mohr  ' 


" circles  and  draw  the  Mohr  envelope;  or  (b)  plot  values  of  p and  q,  draw 

I the  K-llne,  and  then  compute  c and  <p,  "The  choice  between  these  two 

''  methods  Is  largely  one  of  personal  preference.  However,  when  there  are 

I many  tests  In  the  series.  It  will  usually  be  less  confusing  to  plot  the 

i; 

[•  results  on  a p-q  diagram,  and,  further.  It  will  be  easier  to  fit  a line 

through  a series  of  data  points  than  to  attempt  to  pass  a line  tangent 
to  many  circles. 

77.  The  equations  to  convert  from  the  standard  p-q  parameters 


(a  and  a)  to  the  conventional  c and  <t>  are  as  follows: 


4i  = sin  tan  a 


(2) 


where 

a = inclination  angle  with  respect  to  the  horizontal  of  the 
least  square  best  fit  line  for  the  individual  p-q  test 
plots,  and 

a = the  least  square  best  fit  line  q intercept. 

78.  All  three  triaxial  (TX)  specimens  had  a single  shear  failure 
surface  inclined  at  60  degrees  from  the  horizontal.  The  confining  pres- 
sures were  100,  500,  and  1000  psi,  respectively.  The  strength  results 
of  these  tests  appear  reasonable.  The  c is  1033  psi  (74.4  tsf)  and  (J>  is 

55.5  degrees.  A similar  value  (56  degrees)  was  obtained  on  the  dolomite 

13 

taken  from  the  proposed  Starved  Rock  Duplicate  Lock  site. 

79.  A multistage  triaxial  test  was  conducted  using  a piece  of 
concrete  and  dolomite  from  hole  BR  WES-1-76.  The  results  are  given  in 
Table  6.  The  test  method  used  is  quite  similar  to  a standard  triaxial 
test  method  (described  in  Reference  14). 

80.  The  results  of  the  multistage  test  can  be  used  to  calculate 
the  shearing  stress  (t)  across  an  established  surface  for  various  values 
of  the  normal  stress  (o^^) . The  preselected  surface  was  45  degrees  from 
the  horizontal.  With  this  information,  the  coefficient  of  friction  (4>j) 
on  the  surface  can  then  be  determined.  When  the  principal  stresses  are 
known  and  the  t and  the  Oj^  on  a surface  at  an  angle  0 with  respect  to 
the  principal  plane  are  required,  the  following  equations  can  be  used  to 
calculate  these  stresses: 


o 


n 


cos  20 


(3) 


T 


sin  20 


(4) 


The  values  of  and  x are  then  plotted,  and  values  of 
determined. 


and  c are 
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81,  Results  of  the  multistage  test  are  presented  in  Plate  31 

where  the  stress  circles  for  the  seven  loading  stages  are  plotted.  The 

T and  a were  plotted  on  the  stress  circles  and  connected  to  form  the 
n 

strength  envelope  for  the  sawed  surface.  The  equation  of  the  strength 
envelope  is.  as  follows; 


T = 0.0  + 0.4900  On 

The  equation  yields  an  angle  of  shearing  resistance  of  26. 1 degrees  and 
a zero  cohesion.  The  coefficient  of  friction  calculated  from  stresses  on 
the  concrete-rock  sawed  surface  is  nearly  equal  to  the  coefficient  of 
friction  obtained  for  the  precut  rock  specimens  tested  in  direct  shear. 
These  results  will  be  discussed  later  under  Sliding  Friction.  Due  to 
the  loose  contact  between  the  concrete  and  rock  described  earlier,  the 
sliding  friction  value  from  the  multistage  triaxlal  test  is  recommended 
for  computing  structural  stability  for  that  portion  directly  under  the 
dam. 

Peak  shear  strength 

82.  The  stress  values  for  the  direct-shear  tests  are  presented  in 
Table  7 and  plotted  on  Plate  32.  The  design  parameters  suggested  in 
Reference  5 are  presented  in  Table  8 and  the  direct-shear  envelope  is 
plotted  on  Plate  32. 

83.  Two  types  of  direct -shear  tests  were  conducted  to  ascertain 
peak  strength  of  intact  specimens  and  sliding  friction  characteristics 

of  discontinuous  specimens.  Peak  strengths  were  measured  for  the  dolomite 
containing  a concrete- rock  interface,  intact  dolomites,  and  cross-bedded 
Intact  dolomites.  Specimens  containing  filled  partings  were  scheduled 
to  be  tested  for  sliding  friction  properties,  however  the  specimens 
were  inadvertently  tested  for  peak  strengths  rather  than  for  sliding 
friction.  The  precut  and  natural  jointed  specimens  were  tested  for  slid- 
ing friction.  The  question  that  needs  answering  is,  "Is  the  obtained 
for  the  precut  specimens  and  the  multistage  specimen  a lower  value  than 
the  <ti  that  would  have  been  obtained  had  the  f llled-parting  specimens 
been  tested  for  sliding  friction?"  The  author  believes  so. 
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84.  The  average  (ji  values  presented  in  Reference  5 for  horizontal 
shear  along  stylolitlc  bedding  (sty;  referred  to  in  this  report  as  filled 
partings)  are  52  and  39  degrees,  respectively,  for  peak  and  residual 
shear.  These  data  show  a 25  percent  decrease  in  ((>  from  peak  to  residual; 
the  residual  value  is  15  degrees  higher  than  the  41  value  for  the  precut 
specimens  tested  during  this  study.  It  is  reasonable  to  expect  that  the 
<j)  for  filled  BP  tested  for  sliding  friction  would  be  greater  than  the 
value  for  sawed  rock-on-rock  or  sawed  concrete-on-rock. 

85.  All  specimens  were  tested  in  the  single-plane  shear  device 

h 

designated  the  MRD  device.  The  tests  performed  on  intact  concrete- 
on-rock,  and  cross-bedded  specimens  resulted  in  a moderate  amount  of 
scatter.  The  tests  of  the  clay-filled  partings  and  the  precut  specimens 
had  a very  small  amount  of  scatter.  All  envelopes  were  calculated  using 
a linear  regression  analysis. 

86.  A total  of  three  concrete-on-rock  tests  were  conducted  along 
the  interface  of  concrete  and  rock;  all  specimens  contained  the  natural 
rock-bedding  planes.  The  peak  shear  stresses  obtained  from  the  concrete- 
on-rock  specimens  were  about  30  percent  lower  than  the  peak  stress 
measured  on  the  intact  specimens.  The  c and  ij)  for  the  concrete-on-rock 
is  8.04  tsf  and  78  degrees,  respectively.  In  contrast  the  c and  <p  for 
the  intact  specimens  is  33.5  tsf  and  77  degrees.  The  asperities  as 
described  in  Reference  5,  pages  38-39,  contribute  to  the  relatively  high 
peak  shear  strength. 

87.  The  cross-bedded  specimens  were  tested  at  an  angle  of  45  degrees 
to  bedding.  The  peak  shear  stresses  approach  those  obtained  on  the  in- 
tact specimens.  The  c and  iji  is  29  tsf  and  68  degrees.  These  values 

from  the  cross-bedded  shear  tests  were  recommended  for  use  in  the 
stability  analysis  for  that  portion  of  the  foundation  rock  at  the  toe  of 
the  dam. 

88.  The  results  of  the  peak  strength  tests  on  the  specimens  con- 
taining clay-filled  parting  are  reasonable.  The  average  c and  (p  is 
1.22  tsf  and  47  degrees.  These  results  are  reasonably  close  to  the 


MRD,  Missouri  River  Division,  CE.  The  MRD  device  is  used  for  6-in.- 
diam  low-strength  rock. 
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results  reported  in  Reference  5 for  horizontal  shear  along  stylolitic 
bedding;  the  average  ((>  = 52  degrees  and  c = 1.17  tsf. 

Sliding  friction 

89.  The  sliding  friction  tests  were  of  two  kinds:  shear  of  sawed 
rock  surfaces  and  shear  of  naturally  occurring  joints.  The  respective 
test  results  are  labeled  and  presented  in  Table  6 and  Plate  32. 

90.  From  Plate  32  and  Table  6,  it  will  be  noted  that  there  is  a 
large  difference  in  the  angle  of  friction  for  the  specimens  sheared 
along  a natural  joint  (average  i(>  = 51  degrees)  and  those  sheared  along 
the  precut  shear  plane  (average  <()  = 24  degrees).  The  surface  roughness, 
about  1/4  in.  between  peaks  and  valleys  for  the  specimens  tested,  accounts 
in  large  part  for  the  relatively  high  if  for  the  natural  jointed  rock. 

R and  S triaxial  of  overburden 

91.  The  peak  stress  values  obtained  from  the  R and  S triaxial 
tests  are  presented  in  Table  8.  The  stress  circles,  stress-strain  plots, 
and  characterization  properties  are  presented  in  Plates  33  through  38  for 
the  R tests  and  in  Plates  39  through  42  for  the  S tests. 

92.  The  saturated  unit  weight  and  the  coefficient  of  earth  pres- 
sure of  the  gravel  was  assumed  from  the  literature.  The  samples  from 
hole  BR  WES-5-76  consisted  of  rather  large  pieces  of  rock,  therefore  an 
accurate  measure  of  the  unit  weight  could  not  be  made.  The  design  param- 
eters recoinmended  for  the  silt  and  gravel  adjacent  to  the  tainter  gates 
are  tabulated  below: 


Saturated 

Unit  Weight 
Ib/ft^,  Ys 

Shear 

Strength 

Coefficient  Earth 
Pressure,  K,. 

Silt 

82.8 

c = 0.0 

0.5 

Gravel 

140.0* 

<p  = 37° 

0.45* 

Commonly  accepted  design  value. 

CDO  suggested  that  a » 0.5  be  used  in  the  stability  analysis  instead 
of  the  0.4  value  that  would  be  obtained  using  the  (|>  • 37  degrees. 
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! Therefore  the  K = 0.5  is  recommended.  The  main  reason  for  using  0.5 

r 

is  that  the  for  the  silt  should  reasonably  be  higher  than  a value 
for  gravel.  The  value  selected  for  the  gravel  is  a commonly  accepted 
figure. 


PART  VI:  SUMMARY  OF  CONCRETE  AND  FOUNDATION  CONDITION 
AND  RECOMMENDED  STABILITY  AND  DESIGN  VALUES 


Concrete  Condition 


93.  The  one  boring  In  the  head-gate  section  did  not  show  evidences 
of  frost  damage.  Minor  scabbing  on  the  top  surface  of  the  head-gate 
section  has  occurred.  Resurfacing  of  these  areas  Is  necessary  to  stop 
further  deterioration. 

94.  The  concrete  within  the  first  4.3  ft  of  the  talnter-gate  piers, 
which  has  deteriorated  due  to  frost  action,  should  be  removed  before  any 
anchorage  system  Is  started.  Continual  exposure  to  frost  action  will 
cause  additional  deterioration  at  an  Increasing  rate  If  the  concrete  Is 
left  In  place.  With  the  small  number  of  borings,  four  along  1521  ft  of 
dam  section,  a statement  concerning  possible  limits  of  concrete  removal 
along  the  entire  dam  alignment  cannot  be  made.  It  Is  suggested  that  a 
random  sampling  of  the  concrete  along  the  crest  of  the  talnter-gate 
overflow  sections  be  made  and  the  cores  tested  for  extent  of  deterioration. 
The  concrete  In  the  top  portion  of  the  overflow  sections  Is  suspected  of 
being  damaged  to  some  degree  because  of  Its  exposure  to  the  same  weather 
conditions  as  those  to  which  the  concrete  In  the  piers  has  been  subjected. 

95.  The  concrete  below  4.3  ft  Is  considered  to  be  of  good  quality 
with  compressive  strengths  In  excess  of  5000  psl  and  moduli  of  elasticity 
greater  than  4.4  x 10^  psl.  The  concrete  appears  to  have  been  well  con- 
solidated at  the  time  of  placement  as  only  a few  areas  show  slight  honey- 
combing. The  contact  of  the  concrete  with  the  bedrock  Is  assumed  loose 
across  the  base  of  the  sluice-  and  talnter-gate  sections.  This  assumption 
Is  based  on  the  fact  that  the  contact  was  loose  In  the  three  borings  In 
these  two  sections. 
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Foundation  Condition 


Bedrock  stratigraphy 

96.  Only  one  stratum  was  encountered  at  the  drilled  site;  the 
dolomite  of  the  Brandon  Bridge  member  of  the  Joliet  Formation.  The  dolomite 
is  a light-gray,  fine-graiued  rock  containing  numerous  paper-thin  to  1/16-in. - 
thick  clay-  and  shale-filled  irregular  bedding  planes;  these  features 

are  referred  to  as  stylolitic  planes  in  Reference  5.  The  rock  becomes 
increasingly  shaly  with  depth  and  the  filled  partings  become  less  dis- 
tinctive. The  clay-filled  bedding  planes  occur  every  0.1  to  0.2  ft  while 
the  shale-filled  bedding  planes  occur  every  0.05  to  0.2  ft.  Chert  modules 
and  bands  occur  throughout  the  depth  of  rock  drilled  (about  elevation  445) . 
Geologic  cross  sections 

97.  The  cross  sections  clearly  indicate  the  extent  of  deteriorated 
concrete,  the  contact  between  concrete  and  bedrock,  and  the  occurrence  of 
the  clay-  and  shale-filled  bedding  planes  in  the  bedrock.  The  cross 
sections  give  an  overview  of  the  bedrock  material  and  the  correlation  of 
the  color  change  of  the  filler  material  within  the  irregular  bedding 
planes.  The  bedrock  was  correlated  across  the  foundation  by  the  color 

of  the  bedding  planes.  This  was  the  only  feature  that  could  be  so  corre- 
lated since  all  the  bedrock  consisted  of  light-gray  dolomite. 

Bedrock  structural  characterization 

98.  The  bedrock  is  considered  massive.  Bedding  is  assumed  to  be 
horizontal  over  the  foundation;  bedding  surfaces  are  generally  smooth 

but  not  planar,  rather  irregular  with  a nominal  1-in.  differential  between 
the  peaks  and  valleys.  These  features  are  referred  to  as  stylolitic 
planes  in  Reference  5.  Numerous  partings  which  contain  a thin  film  of 
clay  or  shale,  occur  along  the  horizontal  bedding  planes.  They  are  the 
major  structural  features  in  the  foundation.  If  a shear  failure  occurs 
within  the  foundation,  it  is  likely  that  it  will  be  along  the  filled 
partings.  The  filled  partings  are  considered  not  to  be  continuous  over 
the  foundation. 

99.  The  loose  contact  between  the  concrete  and  bedrock  is  considered 
the  probable  potential  sliding  plane  beneath  the  dam. 
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100.  The  core  logs  and  televiewer  logs  show  no  Indications  of  large 
voids,  weak  zones,  or  fracture  areas;  however  local  fracture  areas  do 
exist.  The  hlgh-angle  joints  do  not  occur  regularly  and  no  joint  sets 
could  be  Identified  In  the  foundation.  The  dam  Is  aligned  at  about 

N 70  E.  One  joint  was  measured  to  be  striking  N 30  E and  dipping  to 
the  NW  at  78  degrees.  This  joint  could  participate  In  the  shear  failure 
Involving  a rock  wedge  In  front  of  the  dam.  However,  with  only  one  joint 
observed  pipping  to  the  NW,  the  probability  that  the  joint  would  partici- 
pate In  the  shear  failure  seems  low. 

101.  There  was  no  evidence  of  prior  movement  In  the  samples  ob- 
served In  the  field  and  laboratory.  Also,  no  evidence  of  sheared  or 
brecclated  rock  was  detected.  These  facts  tend  to  support  the  state- 
ment made  In  Reference  5 that  there  Is  no  evidence  of  major  faulting 
at  the  Brandon  Road  Dam  site. 


II 

ji  Recommended  Stability  and  Design  Values 


102.  The  Interior  concrete  of  the  dam  Is  of  high  quality  and  would 
not  be  overstressed  using  the  proposed  prestress  loads.  Maximum  prestress 
load  In  the  talnter-gate  monoliths  is  1555  kips.^  Small  localized  honey- 
combing would  not  be  affected  by  the  prestressing.  Any  frost  damaged 
concrete  should  be  removed  before  setting  the  top  bearing  plates  of  any 
anchorage  system  through  the  talnter-gate  piers.  The  additional  drilling 
mentioned  in  paragraph  94  will  Indicate  where  concrete  removal  is  neces- 
sary in  the  overflow  sections  of  the  talnter-gate  dam. 

103.  The  contact  between  the  concrete  and  foundation  rock  is  con- 
sidered loose  under  the  talnter-gate  section  of  the  dam.  The  prestressing 
should  not  affect  the  Interface  other  than  by  tightening  It.  The  foundation 
Is  massive  and  Is  considered  quite  suitable  for  setting  grouted  tendon 
anchors.  It  Is  recommended  that  the  measured  deformation  obtained  from 
test  specimens  representing  portions  of  bedrock  containing  clay  seams  be 
considered  In  the  design  of  an  anchorage  system. 

104.  Concrete,  rock  type,  and  the  various  structural  features  de- 
scribed herein  should  be  considered  when  formulating  the  stability  analysis 


I 
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and  design  parameters  of  the  anchorage  system.  Guidance  is  presented  in 
the  following  tabulation  for  proper  choice  of  design  parameters. 


Concrete  Concrete 


<4.3  ft 
Depth 

>4.3  ft 
Depth 

Dolomite 

Silt 

Gravel 

Characterization  Properties 

Effective  (wet) .unit 

147.1 

151.5 

164.4 

82.8 

140.0 

weight,  Ib/ft  _ 

Dry  unit  weight,  Ib/ft 

135.8 

141.8 

159.0 

— 

— 

Bearing  capacity,  tsf 

310 

368 

432.0* 

— 

— 

Tensile  strength,  tsf 

32 

39 

8.8 

— 

— 

Shear  strength: 

Concrete-on- rock 

— 

— 

c=8.0  tsf 

— 

— 

Intact 

<(>=780 

c=33.5  tsf 

c=0.0 

Cross  bed,  45° 

__ 

<t.=77‘>  * 

c=29  tsf 

Clay-filled  parting 

(j>=68° 

c=0.43  tsf 

Precut,  rock-on- rock 

((>=45° 
c=0.4  tsf 

Precut,  concrete-on-rock 

<^=22°* 

c=0.0 

Natural  joint 

4>=26° 

c=5.93  tsf 

„ 

Modulus  of ^elasticity 

2.39 

4.86 

((>=46° 

* 

2.30 

psi  X 10 

Poisson's  ratio 

0.19 

0.21 

fs 

0.17 

— 

— 

Shear  modulus,  psi  x 10^ 

1.00 

1.98 

0.98 

— 

— 

Coefficient  earth 

— 

— 

— 

0.50 

0.45 

* 


See  Table  7 for  values  previously  reported  by  CDO. 
(((■SO  suggested  by  CDO. 
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Table  1 

Recommended  In  31tu  and  Laboratory  Testing  ProRram 
Rehabilitation  Work,  Brandon  Road 
Illinois  Waterway,  Chicago  District 


Field 


Test 


Remarks 


Downhole  Pressure  Transducer 
Downhole  Televiewer 


Ascertain  uplift  pressure 
Determine  orientation  of  dis- 
continuities 


I 


Laboratory 


Test 


Index  Properties 


Unconfined  Compression 


Standard  & Multistage 
Triaxial 


Direct  Tensile 

Direct  Shear: 

I Intact  Rock 

Intact  Shales  or  Friable 
Rock 

Filled-Partings 

i 

Precut  and  Jointed  Surfaces 


Remarks 

Wet  and  dry  unit  weights;  moisture 
content;  compressional  wave  velocity 

Stress-strain  diagram,  Young's 
modulus  of  elasticity,  and  Poisson's 
ratio 

Undrained  tests  at  100,  500,  and 
1000  psi  confining  pressure,  shear 
modulus  and  stress-strain  diagrams. 
Young's  modulus,  and  Poisson's  ratio 

Strength  only 


Peak  strength 
Peak  strength 

Sliding  friction  (three-stage  multi- 
loading test) 

Sliding  friction 


Concrete-Rock  Interface 


Peak  strength 


Detailed  Petrographic 
Examination 


Suspected  clay  specimens 


Core  Elevation 

Drill  Date  Diam  Box  For  Depth 
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Characterization  Test  Results  of  Dolomite  Cores,  Brandon  Road  Dam 
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Table  5 

Engineering  Design  Test  Results  of  Dolomite  Cores.  Brandon  Road  Dam 


Trlaxlal 


Drill 

Hole 

No. 

BR  WES-  -76 

Elevation 

ft 

Elastic 

Modulus 

X 10^  psi 

Poisson's 

Ratio 

Minor  Prin. 
Stress 

03.  psi 

Major  Prin. 
Stress 
, psi 

1 

495.8 

1.06 

0.15 

1 

485.2 

1.69 

0.30 

— 

— 

1 

480.6 

0.91 

0.10 

— 

2 

483.7 

1.23 

0.15 

— 

— 

2 

479.8 

— 

— 

500 

14,960 

2 

475.2 

2.86 

0.14 

— 

— 

2 

474.2 

— 

— 

— 

2 

467.8 

2.44 

0.11 

— 

— 

3 

487.3 

0.7 

— 

— 

— 

3 

482.7 

— 

— 

100 

7,020 

3 

477.5 

2.94 

0.16 

— 

3 

465.5 

— 

— 

— 

— 

3 

462.7 

2.50 

0.10 

— 

4 

487.3 

2.86 

0.42 

— 

— 

4 

482.2 

— 

— 

1000 

12,750 

4 

479.3 

2.79 

0.13 

— 

— 

4 

470.9 

3.23 

0.19 

— 

4 

468.2 

— 

— 

— 

... 

5 

491.7 

2.38 

0.12 

— 

— 

5 

486.8 

2.50 

0.15 

— 

5 

477.4 

2.50 

0.10 

— 

6 

490.5 

2.50 

0.15 

— 

6 

484.5 

2.94 

0.25 

— 

6 

468.8 

3.33 

0.16 

— 

— 

Multistage  Triaxial  (45 

deg.  Surface) 

Drill 

Minor  Prin. 

Major  Prin. 

Hole 

Elevation 

Stress 

Stress 

No.  BR  WES-  -76 

ft 

Material 

03.  psi 

01.  psi 

1 

508.5 

Concrete 

10 

30 

1 

487.3 

Dolomite 

35 

109 

65 

196 

100 

291 

150 

441 

200 

586 

250 

736 

Table  6 


Laboratory  Test  Results  - Brandon  Road  Dam 
Single  Plane  Shear  Testa  & Envelopes 


Drill  Peak 


Lithology 

Hole 

No. 

BR  WES-  -76 

Elevation 

ft 

Test 

Normal 

Stress 

tsf 

Shear 

Stress 

tsf 

Cohesion 

tsf 

Angle  of 
Friction 
deg 

Dolomite 

1 

501.7 

Concrete  to  rock 

2.0 

4.29 

8.04 

78 

2 

488.6 

4.0 

46.46 

3 

489.4 

8.0 

38.96 

Dolomite 

2 

476.5 

Intact 

2.0 

33.05 

33.49 

77 

2 

485.4 

4.0 

64.44 

4 

491.1 

8.0 

63.56 

Dolomite 

5 

490.4 

Cross  bedi  45° 

2.0 

34.6 

29.0 

68 

5 

496.3 

4.0 

61.4 

6 

482.5 

8.0 

49.52 

Dolomite 

2 

498.2 

Precut 

2.0 

2.87 

1.97 

24 

4.0 

3.68 

8.0 

5.47 

Dolomite 

2 

487.0 

Precut 

2.0 

3.48 

3.11 

22 

4.0 

5.37 

8.0 

6.11 

Dolomite 

4 

489.7 

Precut 

2.0 

1.40 

0.4 

26 

4.0 

2.30 

8.0 

4.30 

Dolomite 

1 

499.4 

Filled  parting 

2.0 

2.50 

0.43 

45 

1 

494.3 

4.0 

4.41 

5 

495.6 

8.0 

8.55 

Dolomite 

1 

500.0 

Filled  parting 

2.0 

4.77 

2.01 

49 

3 

482.1 

4.0 

5.89 

6 

489.3 

8.0 

11.42 

Dolomite 

2 

487.6 

Natural  joint 

2.0 

8.78 

5.8 

56 

4.0 

11.59 

8.0 

17.55 

Dolomite 

3 

486.6 

Natural  joint 

2.0 

6.45 

5.93 

46 

4.0 

12.31 

8.0 

13.36 

Table  7 


"Summary  of  Rock  and  Soil  Design  Parameters” 
(From  Reference  5) 


Physical  Properties 


Dolomite 


Compressive  strength 

Bearln  capacity  (UlT.) 

Shear  strength 

(Along  stylolltlc  bedding) 

(a)  Peak  (horizontal) 

(b)  Residual  (horizontal) 

Sliding  Friction  (coefficient) 
(interface  rock-concrete) 


10,000  psi 
100  tsf 


c=16.3  psl  <.=52° 
c=0,  41=39° 


0.7 


Shear,  intact  rock 
cross-bedded 


c=1500  psi  4)=54° 


Poisson's  ratio 


0.225 


Modulus  of  Elasticity 
(Ej^  , 0-1000  psi) 

Density 

Yd 

Ys 


4.95  X 10^ 


162  pcf 
166  pcf 


Trlaxlal 

Total  Stress  Effective  Stress 


Drill 

Hole 

No. 

BR  WES 76 

Elevation 

ft 

Cohesion 
tons/ ft 

Cohesion 

tons/ft 

Type 

Test 

5 

519.0-516.5 

15° 

0.20 

U>  J 
00 
o 

0.00 

R 

5 

516.0-513.5 

17° 

0.10 

u> 

0 

0.00 

R 

5 

5].. 0-507. 9 

20° 

0.00 

45° 

0.00 

R 

5 

519.0-516.5 

23° 

0.00 

S 

5 

516.0-513.5 

24° 

0.00 

S 
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VOID  RATIO 


WATER  CONTENT.  % 
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APPENDIX  A:  ABBREVIATIONS  ! 


Dol  - Dolomite 
Sh  - Shale 
Ch  - Chert 
Cl  - Clay 
Chy  - Cherty 
Sty  - Stylolitic  Bed 
Interb  - Interbedded 
Sf  - Soft 
Inc  - Inclusion 
Lyr  - Layer 
Nod  - Nodule 
W/  - With 
V - Very 
Vert  - Vertical 
Slg  - Slightly 
Mod  - Moderately 
Fi  - Fine 
B1  - Blue 
Br  - Brown 
Gry  - Gray 
Grn  - Green 
Drk  - Dark 
Fr  - Fracture 
Ptg  - Parting 
Jt  - Joint 

SB  - Structural  Break 
BP  - Bedding  Plane 
Prob  MZ  - Probably  Missing  Zone 
FA  - Fine  Aggregate 
CA  - Coarse  Aggregate 
Nat  - Natural 
Cone  - Concrete 
Pc  - Piece 


Const  - Construction 
Lt  - Light 
Gr  - Grain 


In  accordance  with  letter  fron  DAEN-RDC,  DAEN-ASI  dated 
22  July  1977,  Subject:  Facsiaile  Catalog  Cards  for 
Laboratory  Technical  Publications,  a facsinile  catalog 
card  in  Library  of  Congress  MARC  foraat  is  reproduced 
below. 


Stowe,  Richard  L 

Concrete  and  rock  tests,  rehabilitation  work,  Brandon  Road 
Daa,  Illinois  Waterway,  Chicago  District  / by  Richard  L.  Stowe. 
Vicksburg,  Hiss.  : U.  S.  Waterways  Experiment  Station  ; Spring- 
field,  Va.  : available  from  National  Technical  Information 
Service,  1978. 

46,c53j7p.,  42  leaves  of  plates  : ill.  ; 27  cm.  (Miscel- 
laneous paper  - U.  S.  Army  Engineer  Waterways  Experiment 
Station  ; C-78-4) 

Prepared  for  U.  S.  Army  Engineer  District,  Chicago, 

Chicago,  111. 

References:  p.  46. 

1.  Brandon  Road  Dam.  2.  Concrete  tests.  3.  Dam  foundations. 

4.  Dam  stability.  5.  Field  tests.  6.  Grouting.  7.  Illinois 
Waterway.  8.  Rock  tests  (Laboratory).  I.  United  States. 

Army.  Corps  of  Engineers.  Chicago  District.  II.  Series: 

United  States.  Waterways  Experiment  Station,  Vicksburg,  Miss. 
Miscellaneous  paner  ; C-78-4. 
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